The praecordial accelerocardiogram possesses important practical advantages over more familiar techniques of recording praecordial pulsations. We have compared the amplitude of the P wave of the praecordial accelerocardiogram in 6 normal subjects (group 1) and 21 patients with heart disease (group 2) at rest and after 3 minutes of isometric handgrip at 30 per cent maximum voluntary contraction.
Subjects and methods respiration with the subjects supine. Heart rate was calculated from the average of 10 consecutive RR Our subjects comprised 6 healthy, normal volunteer intervals measured at a paper speed of 100 mm/s, and members of the staff (group 1) and 21 patients with heart the amplitude of the P wave of the accelerocardiogram disease (group 2), 8 of whom had aortic stenosis, 11 ( Fig. 1) was also averaged over 10 cardiac cycles, each had coronary artery disease, and 2 had congestive cardio-measured to the nearest millimetre, at a paper speed of myopathy. All were in sinus rhythm and none had 25 mm/s. clinical or haemodynamic evidence of mitral valve
The tracings of group 1 were measured independently disease. Two patients had mild aortic regurgitation by 2 observers and no significant differences in the mean in addition to aortic stenosis, 7 had sustained amplitude of the P wave occurred in any individual. For previous myocardial infarction and 4 had evidence of convenience, the accelerocardiographic data were exdyskinesis on biplane left ventricular cineangiography. pressed in microvolts, using a 0-5 millivolt square wave Only one patient was in clinical cardiac failure at the as a standard. No attempt was made to calibrate the time of the study. Of the patients with aortic stenosis 5 tracings in units of acceleration, because variations in had electrocardiographic evidence of left ventricular chest wall thickness, transducer coupling, and the hypertrophy. In these patients the mean (±SEM) position of the heart renders comparison of absolute aortic valve gradient was 58 (±10) mmHg (7-7 ±1 31 values between subjects meaningless (Reuben and kPa), the mean cardiac index was 2-91 (±0 30) 1/min per Littler, 1973) . Following the convention of apex cardiom2, and the mean aortic valve area was 0-62 (±0-10) graphy, the ratio of the amplitude of the P wave relative cm2. In the patients with coronary artery disease 3 to the maximum systolic deflection (P/DE) was used in vessel disease was present in 7 cases, 2-vessel disease in comparisons of resting data (Benchimol and Dimond, 2 cases, and single-vessel disease in 2 cases. The mean 1962; Gibson et al., 1974; Ginn et al., 1967 ; Voigt and (±SEM) age of the subjects in group 1 was 30 (± 1) Friesinger, 1970) . and in group 2, 52 (±3) years.
The patients in group 2 were studied during diag- Cohn et al., 1973; Fisher et al., 1973; Grossman et al., honocardiogram; CP=carotid pulse; ACG=ac-1973; Helfant et al., 1971; Kivowitz et al., 1971 ; p^OnOcardlogram t2P=carotta pUlse;^6U=aC- Krayenbuehl et al., 1972; Quinones et al., 1974 which has previously been shown to elicit consistent increases in heart rate and blood pressure (Fisher et al., 60 1973; Kivowitz et al., 1971; Quinones et al., 1974) . The results are summarized in Tables 1 to 3 and in Figs. 2 and 3. (4) 159 (10) 80 (4) 1545 (100) 17 (1) 188 (14) 37 (4) Handgrip 81 (3) 182 (10) 93 (5) 1855 (155) 23 (2) 214 (12) % Change +9 (1-5) +16 (2) +16 (3) +19 (3-5) +34 (6) +20 (7) P <0-001 <0-001 <0-001 <0-001 <0-001 <0-02
Figures in parentheses represent one standard error of the mean for the individual and for the group.
Resting data average ratio P/DE in group 1 was 29 + 5 per cent
In our patient groups a significant linear correlation (Table 1 ) compared with 37±4 per cent in group 2 existed between P/DE and left ventricular end- (Table 2 ), these were not significantly different diastolic pressure at rest (Fig. 2, Table 3 ), this (P >0 30). being largely because of an extremely good correlation in the patients with myocardial disease. When Handgrp the height of the left ventricular 'a' wave was sub-The haemodynamic effects of handgrip in the stituted for end-diastolic pressure no improvement individual and in the groups as a whole are sumin this correlation was observed. Though the marized in Tables 1 and 2 . There were no signi-ficant differences between the groups as regards the percentage change in heart rate (P >0-20), systolic pressure (P >030), or aortic diastolic pressure (P >0 80). In Group 2 the mean left ventricular end-E diastolic pressure increased from 17 to 23 mmHg ACG p (2 3 to 341 kPa), a change of 34±6 per cent (Table  2 ). This change was significant (P <0001). D In the normal subjects of group 1 the mean amplitude of the P wave of the accelerocardiogram increased from 183 to 200 microvolts during handgrip, a change of 11-5±8 per cent (Table 1) , which was not significant (P >0 20) (Table 1 ). In group 2 ECG the amplitude of the P wave increased from 188 to 214 microvolts (Table 2 ), a change of 20±7 per cent (Table 2) , which was significant (P < 0 02). However, the difference between the groups in the increase in the amplitude of the P wave during handl grip was not significant (P >0 30). ACG A significant linear correlation existed between the percentage changes in P and end-diastolic pressure during handgrip in group 2 (Fig. 3 , Table  3 ). The correlation was not improved by sub -FIG. 4 Example showing the increase in the amplistituting the percentage change in the height of the tude of the P wave of the accelerocardiogram during 'a' wave for the percentage change in end-diastolic handgrip. Top pair of records =control; lower pair= pressure.
handgrip. In this example the amplitude of the P wave (measured from trough to peak) increased by 85 per cent. Discussion The P wave of the praecordial accelerocardiogram was not improved when the amplitude of the left has been shown to occur simultaneously with atrial ventricular 'a' wave was substituted for end-diastolic systole (Luisada, 1962; Mounsey, 1959 ; Rosa and pressure. Secondly, the transmission of diastolic Kaplan, 1960; Rosa et al., 1961) , and its amplitude pressure waves through the chest wall depends on has been shown to be increased in patients with a left ventricular wall stiffness and tension (Benchimol fourth heart sound (Mounsey, 1957) and left and Dimond, 1962; Cohn et al., 1973; Gibson et al., ventricular hypertrophy (Mounsey, 1959) . How-1974; Mounsey, 1959; Rios and Massumi, 1965;  ever, this previous work was subjectively based Siegel et al., 1972; Voigt and Friesinger, 1970) while the results reported in this study represent the which influence the relation between diastolic first quantitative evaluation of the diastolic waves pressure and praecordial pulsations, particularly of the accelerocardiogram. in a heterogeneous group of patients, some of whom We have shown a linear correlation between have left ventricular hypertrophy or dyskinesis. P/DE and left ventricular end-diastolic pressure Finally, in patients with left ventricular dilatation (Table 3, Fig. 2) , with a correlation coefficient changes in the mechanical coupling between heart (r=0*60) similar to that described in previous work and chest wall might modify the relation between with the apex cardiogram (Gibson et al., 1974) . praecordial pulsations and end-diastolic pressure. In general only a moderate correlation between the Although the average ratio P/DE in the patients 'a' wave of the apex cardiogram and left ventricular was greater than that in the group of normal subend-diastolic pressure has been demonstrable, and jects (Tables 1 and 2 ), the variability within the this has been attributed to a variety of factors. groups was such that this was not significant Firstly, the amplitude of the 'a' wave of the apex (P >0 30). cardiogram depends on the contribution which The increases in heart rate, blood pressure, left atrial systole makes to left ventricular end-diastolic ventricular maximum dp/dt, and end-diastolic pressure (Benchimol and Dimond, 1962 ; Dimond pressure, which we observed in our subjects during and Benchimol, 1963; Voigt and Friesinger, handgrip (Tables 1 and 2) , are similar to those 1970). However, in the present study the correlation described in previous work (Fisher et al., 1973; Grossman et al., 1973; Helfant et al., 1971; Karliner, and O'Rourke, 1974) , in contrast to the Kivowitz et al., 1971; Krayenbuehl et al., 1972) . lack of change in normal subjects (Ludbrook et al., Furthermore, the increases in heart rate and blood 1974; Stefadouros et al., 1974) , which suggests pressure during handgrip were similar in each of that the increase in end-diastolic pressure in some our groups, suggesting that the intensity of the patients may be caused, at least in part, by acute stress was comparable.
left ventricular failure. Our results, of course, do The amplitude of the P wave of the accelero-not shed any light on the mechanisms that underlie cardiogram increased during handgrip in both the increases in filling pressure and the amplitude groups. This was significant for the patients as a of the P wave of the praecordial accelerocardiogram whole (P <0 02) but not for our normal control during handgrip, but they do suggest that accelerosubjects (P >0 20) (Tables 1 and 2 ). However, we cardiography might be useful in monitoring changes have failed to show a statistically significant dif-in left ventricular end-diastolic pressure in serial ference between the groups as regards the increase studies or in response to acute interventions. in the amplitude of the P wave during handgrip (P >0 30). This might be caused, in part, by the small number of subjects studied. A better separation might also have been achieved if a more intense References level of exercise had been employed. We feel, how-Amende, I., Krayenbuehl, H. P., Rutishauser, W., and ever, that the major factor accounting for our 
